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(7) ABSTRACT

A method and an apparatus for adjusting an interpacket gap.
In one embodiment, a plurality of network devices are
tightly coupled together in series. Data is transmitted and
received by the network devices in packets with interpacket
gaps interposed between each packet. Buffers are included in
each network device to serve as elasticity buffers for the data
being transmitted between the network devices. The first
upstream network device transmits interpacket gaps having
an increased size. Downstream network devices may shrink
increased size interpacket gaps to reduced size interpacket
gaps if the internal buffers are filled to or above a high water
mark. However, downstream network devices are not
allowed to shrink the size of reduced size interpacket gaps
that are received, even if their internal buffers are filled to or
above the high water mark.
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METHOD AND APPARATUS FOR
ADJUSTING AN INTERPACKET GAP USING
A NETWORK DEVICE IN A DATA
COMMUNICATIONS NETWORK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to data commu-
nications networks and, more specifically, the present inven-
tion relates to interpacket gaps interposed between data
packets of a data communications network.

2. Background Information

Computer networks are used to interconnect many com-
puting resources, such as for example computers,
workstations, servers, printers, modems, storage devices,
etc. For example, two or more computers may be connected
together through a network medium. Network users are able
to share files, printers and other resources, send messages
and run applications on remote computers. An important
part of any computer network includes the physical compo-
nents or network communications devices used to intercon-
nect the computing resources.

Local area networks are generally those networks that are
confined to a limited physical location. As the size of a
network increases, the number of nodes that load the net-
work and the lengths of cables used to interconnect the
nodes of the network increase correspondingly. However, as
network size increases, the quality of the signals being
transferred within the network deteriorates. Furthermore,
network traffic also increases as network size increases,
which results in an increased number of packet collisions
and slower overall network performance.

Known methods of increasing the size and improving the
performance of large networks include the utilization of
network devices such as for example repeaters, switches,
bridges, concentrators, hubs, or the like, to interconnect
various smaller segments of the network. For example, a
network device such as a repeater may be used to connect
two or more network segments. The network device receives
signals and provides signal amplification and retiming as
necessary to clean up or restore the received signals, which
may have deteriorated before being received by the network
device. After the network device restores the signals, the
signals may be retransmitted to the other parts of the
network.

FIG. 1 is an illustration of a network 101 including a
plurality of network devices 103, 105, 107 and 109 tightly
coupled together in series. In the example illustrated in FIG.
1, the data contained in the signals transmitted between the
network devices is organized into bit streams of packets or
frames, with interpacket gaps interposed between each
packet. Packets and interpacket gaps are received by net-
work device 103 and then are retransmitted to network
device 105. The packets and interpacket gaps are then
retransmitted from network device 105 to network device
107, and so on.

It is noted that each one of the plurality of network
devices 103, 105, 107 and 109 include an internal reference
clock used to transmit and receive the packets to and from
the corresponding neighboring network devices. In theory,
all of the network devices 103, 105, 107 and 109 transmit
and receive data at precisely the same speed. However, in
reality, there is often at least a slight difference between the
internal clock speeds of the neighboring devices.
Consequently, there is a real possibility that one network
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device will send data faster than the recipient network
device can send the data.

One known method of addressing the problem of clock
differences between network devices is the utilization of
elasticity buffers within each network device in combination
with inserting interpacket gaps between the packets. In
particular, data that is received from a neighboring upstream
network device is stored within each network device in an
elasticity buffer. Interpacket gaps are provided between
packet transmissions to provide the network devices some
recovery time between frames. Indeed, if the bit stream of a
data packet were infinitely long, the elasticity buffer of the
receiving network device would overflow.

As a series of frames propagates through series coupled
network devices 103, 105, 107 and 109, the various timing
differences, combined with the effects of signal amplifica-
tion and restoration, may result in the shrinkage of the
interpacket gaps. For example, assume that the internal
clock in network device 109 runs slower than the internal
clock in network device 107, which runs slower than the
internal clock in network device 105, which runs slower than
the internal clock in network device 103. Consequently, each
upstream network device in FIG. 1 transmits faster than the
neighboring downstream network device can transmit.

To address this situation, each one of the network devices
105, 107 and 109 shrink the interpacket gaps before retrans-
mitting the packets downstream. Otherwise, the elasticity
buffer within each network device would overflow. In
addition, it is noted that generally at least an absolute
minimum interpacket gap size must be maintained. An
interpacket gap size that is too small may result in frames
being overrun and therefore lost frames, which would need
to be retransmitted.

Consequently, frames are generally sent with largely
oversized interpacket gaps from upstream network devices
to accommodate the possibility of all downstream network
devices having to shrink the interpacket gap in the same
pass. Thus, it is ensured that downstream network devices
will receive the frames with interpacket gaps having at least
the minimum required size, even if every intermediate
network device had to shrink the interpacket gap.

One disadvantage of transmitting frames with largely
oversized interpacket gaps from the upstream network
devices is that a large amount of bandwidth and speed is
sacrificed to ensure that the downstream network devices
receive frames with adequately sized interpacket gaps. Thus
what is desired is a method and an apparatus for transmitting
frames in a network with interpacket gaps that are smaller
than the largely oversized interpacket gaps discussed above,
but still greater than or equal to the minimum required size.
By transmitting smaller interpacket gaps, overall network
bandwidth and speed will be improved.

SUMMARY OF THE INVENTION

A network device is disclosed. In one embodiment, the
network device includes a buffer coupled between an input
port and an output port of the network device. The buffer is
coupled to buffer packets propagating through a data com-
munications network received through the input port. An
interpacket gap is interposed between each packet received
through the input port. The network device also includes an
adjuster coupled to the buffer. The adjuster selectively
adjusts a size of the interpacket gap received through the
input port. Packets are retransmitted from the output port of
the network device with the size of the interpacket gap
maintained if the interpacket gap is received at the input port
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at a reduced size when the buffer is filled to a level at or
above a first level of capacity of the buffer or when the buffer
is filled to a level below the first level of capacity of the
buffer.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example
and not limitation in the accompanying figures.

FIG. 1 is a block diagram illustrating a computer network
with a plurality of network devices coupled together in
series.

FIG. 2 is a block diagram of a network device with a
buffer and an interpacket gap adjuster in accordance with the
teachings of the presenting invention.

FIG. 3 is a block diagram illustrating a computer network
including a plurality of network communications devices in
accordance with the teachings of the present invention.

FIG. 4 is a state transition diagram describing the opera-
tion of a network device in accordance with the teachings of
the present invention.

DETAILED DESCRIPTION

A method and an apparatus for adjusting an interpacket
gap using a network device is disclosed. In the following
description, numerous specific details are set forth in order
to provide a thorough understanding of the present inven-
tion. It will be apparent, however, to one having ordinary
skill in the art that the specific detail need not be employed
to practice the present invention. In other instances, well-
known materials or methods have not been described in
detail in order to avoid obscuring the present invention.

In one embodiment, the present invention provides net-
work communications with network devices, such as for
example repeaters, that are coupled in series. In another
embodiment, the network devices are stackable network
switches organized in a ring topology. In still another
embodiment, the network devices are network bridges,
concentrators, or the like. The network device of the present
invention include buffers and interpacket gap adjusters that
enable relatively smaller interpacket gaps to be propagated
through the network while maintaining at least an absolute
minimum interpacket gap size. Thus, overall network per-
formance is improved without an increased risk of frame
loss since interpacket gap sizes are maintained above the
absolute minimum interpacket gap size.

FIG. 2 is a block diagram providing a graphical repre-
sentation of one embodiment of a network device 201 in
accordance with the teachings of the present invention. In
one embodiment, network device 201 is a stackable switch,
repeater, bridge, or another similar type of network device
configured to be coupled in series with other network
devices. In one embodiment, network device 201 can oper-
ate standalone or can be stacked or interconnected into a
single logical unit.

Network device 201 includes an input port 203 coupled to
receive packets from a network medium, which in one
embodiment is a ring 207 of a data communications net-
work. In one embodiment, data is transmitted through the
network using Ethernet, or other similar technology. Inter-
packet gaps are interposed between each of the packets
received from ring 207. A buffer 209 is coupled to input port
203 to serve as an elasticity buffer for the packets received
from ring 207. As will be discussed in greater detail below,
an adjuster 211 is coupled to buffer 209 to selectively adjust
the size of interpacket gaps received from input port 203.
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Network device 201 retransmits the packets buffered in
buffer 209 through output port 205 to ring 207. The packets
that are retransmitted from output port 205 are transmitted
with interpacket gaps interposed between each packet.

As discussed above, interpacket gaps are interposed
between packets of data communications to provide network
devices some time to recover between packet transmissions.
It is appreciated that there is generally an absolute minimum
required interpacket gap size required by network devices in
order to provide the minimum time required for network
devices to recover. Prior art implementations of network
devices generally transmit oversized interpacket gaps far
greater in size than the absolute minimum required inter-
packet gap size to accommodate scenarios of all intermedi-
ate network devices shrinking the interpacket gap sizes in
the same pass.

In one embodiment, an internal clock (not shown) is
employed by network device 201 to clock the receive and
transmit speeds of the input port 203 and output port 205,
respectively. Thus, input port 203 and output port 205
receive and send data to and from network medium 207 at
the same speed. As will be discussed in greater detail below,
in one embodiment, network device 201 is one of a plurality
of series coupled network devices that are employed in a
data communications network. Thus, data received from
input port 203 is transmitted from a neighboring upstream
network device, and data transmitted through output port
205 is received by a neighboring downstream network
device.

In the event that the upstream network device coupled to
input port 203 has a faster internal clock than the internal
clock of network device 201, buffer 209 will eventually fill.
The filling aspect of buffer 209 is illustrated in FIG. 2 with
arrow 217. In one embodiment of the present invention,
buffer 209 includes a high water mark, which is illustrated
in FIG. 2 with dashed line 213. High water mark 209 is a
level of capacity of buffer 209 that is less than the total full
capacity of buffer 209, which is illustrated in FIG. 2 with
dashed line 215.

Operation of the network device 201 in accordance with
the teachings of the present invention is as follows. Packets
and interpacket gaps are received at input port 203. The data
received from input port 203 is buffered in buffer 209. If
buffer 209 fills, as shown with arrow 217, high water mark
213 is eventually reached.

In one embodiment, network device 201 checks the sizes
of the interpacket gaps that are received from input port 203.
In one embodiment, two interpacket gap sizes propagate
through network device 201 in accordance with the teach-
ings of the present invention. For purposes of this disclosure,
the interpacket gap sizes are referred to as reduced size and
increased size.

In one embodiment, the reduced size interpacket gap is
equal to or greater than the absolute minimum required
interpacket gap size discussed above. The increased size
interpacket gap is greater in size than the reduced size, but
substantially less in size than the largely oversized inter-
packet gap sizes that are transmitted from prior art network
devices discussed above.

In one embodiment, the increased size interpacket gap of
the present invention is the largest interpacket gap size that
is propagated through the network in accordance with the
teachings of the present invention. Since the increased size
interpacket gap of the present invention is smaller than the
largely oversized interpacket gaps that are propagated
through prior art network devices, overall network speed
and performance is improved with the present invention.
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Referring back to FIG. 2, buffer 209 may eventually fill to
high water mark 213 during operation, as indicated by arrow
217. Once the amount that buffer 209 is filled rises to or
above high water mark 213, adjuster 211 shrinks the size of
the interpacket gap under certain conditions. In one
embodiment, adjuster 211 only shrinks interpacket gaps that
are received from input port 203 at an increased size.
Adjuster 211 selectively shrinks these increased size inter-
packet gaps to reduced size interpacket gaps. However, if a
reduced size interpacket gap is received from input port 203,
adjuster 211 will not shrink the interpacket gap, even if
buffer 209 is filled to or above high water mark 213.
Consequently, the amount that buffer 209 is filled will
continue to rise, as illustrated in FIG. 2 with arrow 219.

In one embodiment, as soon as an increased size inter-
packet gap is received from input port 203, adjuster 211
adjusts or shrinks the size of the interpacket gap from the
increased size to the reduced size. By shrinking the inter-
packet gap to the reduced size, the amount that buffer 209 is
filled drops to a level significantly below high water mark
213. This aspect of the present invention is illustrated with
arrow 221 in FIG. 2.

In one embodiment, the high water mark 213 level is
selected to be at a location low enough below total capacity
215 of buffer 209 to ensure that an increased size interpacket
gap is received before an overflow error occurs in buffer 209.
In one embodiment, high water mark 213 is determined
based on the total number of series coupled network devices,
the maximum tolerated internal clock differences between
network devices and interpacket gap sizes.

FIG. 3 is a block diagram illustrating a data communica-
tions network 301 having a plurality of network devices
201A-D in accordance with the teachings of the present
invention. In one embodiment, network devices 201 A—D are
coupled in series through a network medium. In FIG. 3, the
network medium is illustrated in one embodiment as a ring
207 coupling together network devices 201A-D in series.
Thus, network device 201A sends packets to network device
201B. Network device 201B sends packets to network
device 201C. Network device 201C sends packets to net-
work device 201D. Network device 201D sends packets to
network device 201A. In one embodiment, interpacket gaps
are interposed between all packets that propagate through
ring 207. In one embodiment, network devices 201A-D are
substantially similar to the network device 201 described
with respect to FIG. 2 above.

Operation of network 301 with network devices 201A-D
is as follows. Assume that network devices 201A-D trans-
mit and receive data relative to their own internal clock.
Assume further that the internal clock of network device
201D is slightly slower than the internal clock of network
device 201C, that the internal clock of network device 201C
is slightly slower than the internal clock of network device
201B and that the internal clock of network device 201B is
slightly slower than the internal clock of network device
201A. Thus, in this scenario, the amounts that buffers 209B,
209C and 209D of network devices 201B, 201C and 201D,
respectively, are filled will rise during network operation. In
one embodiment, network device 201 A is assigned the status
of being the first upstream device in ring 207. For purposes
of this discussion, the remaining network devices 201B,
201C and 201D are considered downstream network devices
relative to network device 201A in ring 207.

In one embodiment, since network device 201A is the first
upstream device, adjuster 211A of network device 201A
using known techniques adds an extra N cycles to the
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reduced size interpacket gaps that are transmitted to network
device 201B. By adding the extra N cycles to the reduced
size interpacket gaps, increased size interpacket gaps are
transmitted to network device 201B. Thus, in one
embodiment, the increased size interpacket gaps are equal to
the reduced size interpacket gaps plus the extra N cycles. In
one embodiment, N is selected to be a value that will enable
a network device to free additional storage capacity in its
internal buffer when the interpacket gap sizes are reduced
from increased size to reduced size.

Since the internal clock of network device 201B is
running slightly slower than the internal clock of network
device 201A, buffer 209B is eventually filled to its high
water mark 213B. As a result, adjuster 211B adjusts or
shrinks the next increased size interpacket gap that is
received from network device 201A. After adjuster 211B
shrinks the increased size interpacket gap to a reduced size
interpacket gap, substantially more storage capacity will be
freed in buffer 209B in one embodiment of the present
invention. However, the reduced size interpacket gap will be
transmitted downstream to network device 201C.

Since the internal clock of network device 201C is
running slightly slower than the internal clock of network
device 201B, buffer 209C is also eventually filled to or
above its high water mark 213C. However, if network device
201C receives a reduced size interpacket gap from network
device 201B, then adjuster 211C is not allowed to further
reduce or shrink the interpacket gap, even if buffer 209C is
filled to or above high water mark 213C. In this situation, the
size of reduced size interpacket gap as received is main-
tained and retransmitted downstream to network device
201D.

Since the internal clock of network device 201D is
running slightly slower than the internal clock of network
device 201C, buffer 209D is also eventually filled to or
above its high water mark 213D. Similar to the situation
described above with respect to network device 201C, if
network device 201D receives a reduced size interpacket
gap from network device 201C, then adjuster 211D is not
allowed to further reduce or shrink the interpacket gap, even
if buffer 209D is filled to or above high water mark 213C.
In this situation, the size of reduced size interpacket gap as
received is maintained and retransmitted downstream
through ring 207.

In an embodiment implemented using a ring topology,
packets eventually propagate through ring 207 back to
network device 201A for another pass. Since network device
201A is the first upstream device in this embodiment,
adjuster 211A of network device 201A adjusts the inter-
packet gaps as necessary such that increased size interpacket
gaps that are transmitted to network device 201B.

It should be noted, however, that if for some reason buffer
209A is filled to or above its high water mark 213A and if
an increased size interpacket gap is received from input port
203 A, adjuster 211A reduces the size of the interpacket gap
to the reduced size to free additional storage capacity in
buffer 209A. In this special case, network device 201A
transmits a reduced size interpacket gap.

Referring back to the example being described above,
since buffer 209B is at this time filled to a level below high
water mark 213B, the size of the interpacket gap received
from network device 201A is maintained and retransmitted
downstream to network device 201C. Thus, if an increased
size interpacket gap is received in this example, the size is
maintained by network device 201B and an increased size
interpacket gap is therefore transmitted downstream to net-
work device 201C.
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Network device 201C therefore receives an increased size
interpacket gap in this pass. Thus, adjuster 211C is able to
adjust or shrink the size of the interpacket gap received from
network device 201B to the reduced size. After adjuster
211C shrinks the increased size interpacket gap to the
reduced size interpacket gap, buffer 209C will have sub-
stantially more capacity. However, the reduced size inter-
packet gap will be transmitted downstream to network
device 201D.

Similar to the last pass described above, if network device
201D receives a reduced size interpacket gap from network
device 201C, then adjuster 211D is once again not allowed
to further reduce or shrink the interpacket gap, even if buffer
209D is filled to or above high water mark 213C. In this
situation, the size of reduced size interpacket gap as received
is again maintained and retransmitted downstream through
ring 207.

Continuing further with the example described above,
since all of the buffers of the upstream network devices,
buffers 209B and 209C in this example, are now filled to
levels below the high water marks, network device 201D
will finally receive an increased size interpacket gap from its
neighboring upstream network device. Thus, adjuster 211D
is finally able to adjust or shrink the size of the interpacket
gap received from network device 201C to the reduced size.
After adjuster 211D shrinks the increased size interpacket
gap to the reduced size interpacket gap, buffer 209D will
have substantially more capacity.

In the embodiment described above, it is observed that
only one network device 201A-D in ring 207 will be
allowed to shrink the interpacket gap for each pass. Indeed
the network devices that are downstream from the network
device that shrinks the interpacket gap receive reduced size
interpacket gaps. Thus, it is also observed that the inter-
packet gap size is reduced by sequential network devices
201A-D for each pass. In particular, network device 201B
adjusted the size of the interpacket gap from the increased
size to the reduced size in one pass. In the following pass,
the next sequential downstream device, network device
201C, adjusted the size of the interpacket gap from the
increased size to the reduced size. Finally, in the following
pass, the next sequential downstream device, network device
201D, adjusted the size of the interpacket gap from the
increased size to the reduced size.

It is appreciated that although the network devices illus-
trated in FIG. 3 are arranged in a ring topology with ring
207, the network devices 201A—D may also be arranged in
other topologies in accordance with the teachings of the
present invention. For example, network devices 201A-D
may be arranged as repeaters, or other similar devices, in
which data is transmitted in packets with interpacket gaps
interposed between each packet. In the other embodiments
of the present invention, the first upstream device would
send increased size interpacket gaps and downstream net-
work devices are only allowed to shrink increased size
interpacket gaps.

In one embodiment, operation of each network device
201A-D of FIG. 3 may be described as a state machine with
respect to state transition diagram 401 of FIG. 4. In
particular, state 403 illustrates the state in which the internal
buffer of the network device is filled to a level below the
high water mark. If an increased size interpacket gap (IPG)
is received, then the interpacket gap size is maintained and
retransmitted, as indicated in state 407. If a reduced size
interpacket gap is received, the gap size is also maintained
and retransmitted, unless the network device is the first
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upstream device. In the special case that the upstream
network device receives a reduced size interpacket gap, the
interpacket gap size is adjusted to be an increased size
interpacket gap, which is then retransmitted. These aspects
of the present invention are illustrated in decision step 405
and states 407 and 409. After the interpacket gaps are
retransmitted, the network device transitions back to state
403.

If the network device receives packets and interpacket
gaps that result in the internal buffer of the network device
to be filled to or above the high water mark, the network
device transitions to state 411. Once in state 411, if the
network device receives a reduced size interpacket gap and
the network device is not the first upstream device, the size
of the interpacket gap is maintained and retransmitted. This
aspect of the present invention is illustrated in decision step
415 and state 417. After the interpacket gap is retransmitted,
the network device transitions back to state 411. If the
network device receives an increased size interpacket gap
while the network device is in state 411, the interpacket gap
size is adjusted to be a reduced size interpacket gap, which
is then retransmitted, as shown in state 413. After the
interpacket gap is retransmitted, the network device transi-
tions back to state 413 since the internal buffer will now be
filled below the high water mark.

In the foregoing detailed description, the method and
apparatus of the present invention has been described with
reference to specific exemplary embodiments thereof.
However, it will be evident that various modifications and
changes may be made thereto without departing from the
broader spirit and scope of the present invention. The
present specification and figures are accordingly to be
regarded as illustrative rather than restrictive.

What is claimed is:

1. A network device, comprising:

a buffer coupled between an input port and an output port
of the network device, the buffer coupled to buffer
packets propagating through a data communications
network received through the input port, each of the
packets having an interpacket gap (IPG) interposed
therebetween; and

an adjuster coupled to the buffer, the adjuster selectively
adjusting a size of the IPG received through the input
port, wherein the packets are retransmitted out the
output port with the size of the IPG maintained if the
IPG is received at the input port at a reduced size when
the buffer is filled to a level at or above a first level of
capacity of the buffer or when the buffer is filled to a
level below the first level of capacity of the buffer.

2. The network device described in claim 1 wherein the
packets are retransmitted from the output port with the IPG
adjusted from an increased size to the reduced size if the [PG
is received at the input port at the increased size and if the
buffer is filled to the level at or above the first level of
capacity the buffer.

3. The network device described in claim 1 wherein the
packets are retransmitted out the output port with the IPG at
the increased size if the IPG is received at the input port at
the increased size and if the buffer is filled to a level below
the first level of capacity the buffer.

4. The network device described in claim 1 wherein the
adjuster is further coupled to adjust the size of the IPG to the
increased size if the IPG is received at the input port at the
reduced size and if the network device is a first upstream one
of a plurality of network devices in the data communications
network.

5. The network device described in claim 4 wherein the
plurality of network devices in the data communications
network are arranged in a ring topology.
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6. The network device described in claim 1 wherein the
increased size of the IPG is greater than the reduced size of
the IPG by an amount corresponding to a time duration
greater than or equal to a total number of the plurality of
network devices in the data communications network
arranged in the ring topology times a maximum clock
difference between neighboring network devices of the
plurality of network devices.
7. The network device described in claim 6 wherein the
first level of capacity is less than a total capacity of the buffer
by a size corresponding to the time duration greater than or
equal to the total number of the plurality of network devices
in the data communications network arranged in the ring
topology times the maximum clock difference between
neighboring network devices of the plurality of network
devices.
8. The network device described in claim 1 wherein the
packets are propagated through the data communications
network in an Ethernet format.
9. The network device described in claim 1 wherein the
network device comprises a network switch.
10. The network device described in claim 1 wherein the
network device comprises a network repeater.
11. A method of modulating an interpacket gap (IPG)
between packets, the method comprising the steps of:
receiving the packets with a network device, the network
device included among a plurality of network devices
coupled in series in a data communications network,
the packets propagating through the data communica-
tions network with the IPG interposed therebetween;

buffering the packets in a buffer included in the network
device;

maintaining a size of the IPG if the IPG was received by

the network device at a reduced size when the buffer is
filled to a level at or above a first level of capacity of
the buffer or when the buffer is filled to a level below
the first level of capacity of the buffer;

retransmitting the packets with the IPG from the network
device; and

adjusting the size of the IPG to the reduced size if the IPG
was received by the network device at an increased size
and if the buffer is filled to the level above the level of
capacity of the buffer.

12. The method described in claim 11 including the
additional step of maintaining the size of the IPG if the was
received by the network device at the increased size and if
the buffer is filled to a level below the first level of capacity
of the buffer.
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13. The method described in claim 11 including the
additional step of adjusting a size of the IPG to the increased
size if the IPG was received by the network device at the
reduced size and if the network device is a first upstream one
of the plurality of network devices in the data communica-
tions network.

14. A data communications network, comprising:

a plurality of network devices coupled in series, wherein

each one of the network devices includes:

a buffer coupled between an input port and an output
port of the network device, the buffer coupled to
buffer packets propagating through the data commu-
nications network received through the input port,
each of the packets having an interpacket gap (IPG)
interposed therebetween; and

an adjuster coupled to the buffer, the adjuster selec-
tively adjusting a size of the IPG received through
the input port, wherein the packets are retransmitted
out the output port of the network device with the
IPG at a reduced size if the IPG is received at the
input port of the network device at the reduced size
when the buffer of the network device is filled to a
level at or above a first level of capacity of the buffer
or when the buffer of the network device is filled to
a level below the first level of capacity of the buffer.

15. The data communications network described in claim
14 wherein the packets are retransmitted from the output
port with the IPG adjusted from an increased size to the
reduced size if the IPG is received at the input port at the
increased size and if the buffer is filled to a level at or above
a first level of capacity the buffer.

16. The data communications network described in claim
14 wherein the packets are retransmitted out the output port
of the network device with the IPG at the increased size if
the IPG is received at the input port of the network device
at the increased size and if the buffer of the network device
is filled to a level below the first level of capacity the buffer
of the network device.

17. The data communications network described in claim
14 wherein the adjuster of the network device is further
coupled to adjust the size of the IPG to the increased size if
the IPG is received at the input port of the network device
at the reduced size and if the network device is a first
upstream one of a plurality of network devices in the data
communications network.

18. The data communications network described in claim
14 wherein the plurality of network devices coupled in series
are arranged in a ring topology.

#* #* #* #* #*
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